Characterization of the cAMP responsive elements from the genes for the alpha-subunit of glycoprotein hormones and phosphoenolpyruvate carboxykinase (GTP). Conserved features of nuclear protein binding between tissues and species.
Cyclic AMP responsive elements (CRE) have been identified in several genes, including those encoding the alpha-subunit of glycoprotein hormones and the cytosolic form of phosphoenolpyruvate carboxykinase (PEPCK) from the rat. Common to the CRE in these genes is the palindromic sequence T(G/T)ACGTCA. Based upon the strong conservation of this element, we hypothesize that the CRE functions by binding a protein that has been conserved across tissue and species lines. Scatchard analysis of gel mobility shift assays indicate that a nuclear protein in extracts prepared from rat liver and from a human choriocarcinoma cell line binds with high affinity to the cAMP responsive element from either gene (Kd approximately 10(-10) M). In order to identify the critical nucleotides within the CRE from these two genes, a series of oligodeoxynucleotides containing systematic mutations was synthesized and tested for protein binding and transcriptional function. Mutations within the palindromic core of either CRE resulted in a marked loss of binding to the nuclear proteins. Sequences outside the 8-base pair element were less important for nuclear protein binding to the PEPCK CRE and were not important for the alpha-subunit CRE. The relative binding, as determined by gel shift assays, correlated with the ability to confer cAMP responsive transcription to a viral promoter in transfected choriocarcinoma cells. DNase I protection assays suggest that binding of the nuclear factor from rat liver to the PEPCK CRE is more efficient when the core sequence is present in the intact PEPCK promoter regulatory region as compared to the isolated CRE oligodeoxynucleotide. Collectively, these results indicate that the nuclear factors necessary for cAMP induction of transcription of the alpha-subunit and PEPCK genes are conserved between tissues and species. In addition to the conserved features of these cis- and trans-active elements, nonconserved sequences and other elements of the promoter regulatory region influence the affinity of the protein-DNA interaction.